
GEORGETOWNCOLLEGEOBSERVATORY 
GEORGETOWN UMVERSXTY 
WASWGTON, D, C ,  20007 

SEMI-ANNUAL STATUS REPORT NO, 5 ON SPECTROSCOPIC STUDY 

OF SOLAR AND PLANETARY ATMOSPHERES 

FEBRUARY 1, 1965 to AU6UST 1, 1965 

WORK DONE UNDER NASA GRANT 

NsG Q 362 

- 
U 

L 
(NASA CR O R  TMX O R  AD NUMBER)  

(CATEGORY) 

PREPARED BY: 



. 

tfSPECTRUSCOPIG STUDY OF SOLAR ANI) PLANETAR ATMUSPHER ES' 

NAME AplD ADDRESS OF LNSTITUTPON: GEORGETOWN UNIVERSITY 
WASHENOTON, Do Cu E0007 

PROJECT DIRECTOR: 



foreign languages, The P%8dt@ of this stody are prsrented in area 

three, 

The Martian fipby, Mariner LV, provided fazsthea 

e d o r t  to w that we are probably on the correct track, and $hat 8ome 

af our critic. have been a bit over entbrPriaetic, We ZMYW are quite atare 

tht -ter vapor doe8 mot +dat in appreciable quaat i the on Marsv and 

t b t  *re €8 a high probrbalSy thrt we wiU be abXe to convincingly ahow 

tb8 sad8tm&cs of signif%- qwmtih8 of nitrogen peroxide in *e Mutian 

rhnorphete. 

Area I,  Laboratory rrpectrr .. Sbuhted Martian Atmosphere, 

A, Equipment tmprorrments 

After many est-badu we now feel that our laboratory 

equimeat is capable ob obkipfne higuy s¶gnificam% absorption spectra of 

game8 rhieb are oSrremble at proasare8 leas than atmorpberic, If we 

are to observe gases at greater than rtmo8pheric preesttree then we w i l l  

have to de.- ebd fabricate rbbiti0S.I eqaipmen& The main problem in 

obhinfao accwaa p?rs8maberr of aitrogea peroxide i. thrt it is a polymer, 

a d  tbereborte the perfect gar law d o e m  hot b.rld_ ff the perfect gas law 

held we would merely have to obtain an initfrl preesure and temperature,, 

and al l  othur prem~urea w& be d e ~ r m h a b l e  merely by mesmruiag the 

tsmpsrature, 

A fiprtb4r problem which we have not completely solved 

i 8  the fact t h a g  N t 0 3  18 foamed whaa dkogen p r o d &  is subjected to 

d t r r t i o h t  mua-lighk 

l ight t h r q h  oar o w e d  tube. A i  coon a8 tho 80~l'e Ught 5r.t ~88.88 

tbroagh the optical k r b  01fj electrical cardlocririty gatage (aimifrr to the 

pita type) take8 appraximately 15 minute. to m f r M l l c s ,  Oace we have 

reached mhbilitation we have PO present meam of determiniq the 

partid preasr~res of NO2. N2QI a d  NtOjo If accurate dsterrnbsatfonr of 

p8rM pressures under d t t r v i o l e t  conditions is deairad in tbe future, 

awns m e w  of mcuuring the partial prersares w i l l  have to be developed, 

W e  cap observe thh cburge when paring the ~ 8 ~ 3 ' 8  
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poreibh €.n order to b-ar guide the deerignsro of suft iandiag vehidersr 

on the Martian surface, U indeed there ia nitrogen peroxide in large 

quantitper in the Martha atmosphere then the vekicls wi l l  have to ba 

prohctud from M a  highly coraoeivs and lethal gao, 

Area 2, F 1 " ~ ~ 1 T e . c c n c O  of NO-:: 

at 4358 and 300 &/- at 7200 A) and they did not give detailed deocriwom 

of the 8 p e C k 9 m a  Norrioh reported ban& from about 5000 A to 6950 A with 

eVtdsnce of a very faint emisrioa betasen 4500 A and 4800 A, The main 

ernia8iaa -8 confined to two broad band. at 6250 A to 6550 A and 5600 A 

to 6050 A, Neutmrgcr a d  Duncan describe the spectrum as extending 

from the eacciting line (4358 A or 5461 A) to about 8000 A (the long wave- 

le- &nit d okervation), 

The epectrurn was obrctved at gau prcururen of €rom 

1 ~ n m  to 40 mm of Hg, W, P BsrQsr (9, Axn, Chem, Socc 5& 3920, 

1930) reported maximurn inten~ity for total nitrogen peroxide prersurea 

at 0-02 The o ~ e ~ a l S  intensity of ohe apctrpnm f .rs 5otand 

to be rrtrongcr w k n  4358 A excitation waa u r d  than when 5461 A 

excitation was used. 

6 ~ l s i  og Ego 

It ia apparent to us th t  a more exact demcription af 

thu boorsscellca 8 p a c t r ~  of NO2 ir needed in order to iweetlgate tho poseEbiUty 

-8 auoroecencs in NO may be &kcthg the observed abrorption 

m p e c t r t x n  of plarrrstary rtmoopheres. 

8, Equipment improvemento 

2 

The illumination oystem for the focru usale and for 

fhe interd comgrtrison s d c  for the Georgetown Observatory Lfttrow 
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Spactrograph waa repaired and converted from battery power to a 6 volt 

a, c, system, The plate tilt (rotation akwt a vertical axio)  indicator 

was f o d  to be slipping and it was removed a d  repaired, h e  to the 

slippage it waa neceanary to re-crtabUmh the correct plate fflt djwt- 

ment for each foam podtion by trial and erroro 

Focru~ing plates were *en by uoing tha focus 

a e t t 4 s  from the tabh of d u e #  provided with the insttarnerd, All but 

oab focru rretthg resulted in poorly focussed erpasorss. Thcrefort a 

mericn d focus plates warn made to determine the correct focw setting 

for each poaition (each position coraespood. to 8 different wavelength 

regiaa), Good focus waa obtained for each of tbe mitiom 2 through 9 

(eorsespondiag to the wavelength region from 2300 A to 6600 A, 

lnrrtaipItfoa of a puwer rtrppip for a d, c. arc light 

8001- -8. completed, A spark power 8u.p@7 is also 8railabieI 

The cMd requireme- for fiuorescencc spectrorrcopy 

is am interne eource d dumply monoclaroxnafk radiation of a wavelength 

correopabdiry to tl# anergy difference bemeen -0 energy level. ab the 

mdecale being strodted (G, R, HarrisoPp R, C,, Lord a d  Yo R, 
Loofbotlbow. Practical Spectromccpy, Prentice Hill, p. 293, 1948)- The 

caerempoadsnce need not be exact so long as the minimum snerSy required 

g 8  rvrircrble, fn previous atrr%fem of NOt fluorescence filtered light from 

xnercwy a r c s  was wed as a source of excitatioa 

The experimental rtrmngsmse generally wed for 

firroreeceace epectroscipy wao f iart  deacribed by R, W, Wood [php.icsl 

Optic=., bdrc 1923),, Thio requite8 a glass or quarts tube hvhq 

a flat- on one end anda horn shpe onlihr, other em& The tuba ia 

ill\smfortsd from the a i d a m  a d  the floorcmcence i. viered &rough the 

flat end M o r .  The potporre of the horn shape at the apposite end is to 

minimi- the amount of strayp reflected light which reaches the rpectro- 

Ira- 
present optical tobe which ha0 both enda flak 

Due to &e fact thrt we were time-lixiitcrd, we had g v  taou OUT 
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ths NOte Thereforea the reoult. of the attempt to photograph the 

fluorescence apactrum of NO &ve been almost entirely negative. 
2 

D, Future Work 

Since there waa no prohlern of fogging the plates, it 

aeemm that the Georgetown Oboervatory Littrow rpectrog:-aptr is a 

~ satidactory imtrurnePt, la addition, aince fluoreacenee was observed 

v i s d y ,  an increaae in power isput netma to be the amwer0 Therefore, 

we are @anniag to attempt the folloairrg liner of attack,, 

1, Borrow a more powerful mercury o o o ~ c e  for feas Wlity 8hdieoe 

2, Put Hg 198 light directly through the tab of NO2, which will 

rsou l t  in a Hg 198 opsctrum with (posribly) NO2 modtficatioo. 

(absorption) and flrrotescence. 

3, Borrow a ruby h e r  for feaoibility stdies,  

C Look for a h e r  near 4360 A, however. this would be a very 

.pedal Umit* 

Area 3- Summary a d  Correlat€oxu of R w i ~  Obrvationrr: 

A literahare search for rtl prdowly  recorded 
Martian clopdm ras conducted during the auxmner of 1965, All antro- 

Wrmical Uterature writtea in Emgliah, French, Getmaa, Rwsian,  Spaniob 

and XtrUaa was surveyed, 

Three form. of Martian cloud. were catalogtxedp yellow, 

white d the phnet-wide hiue-obatr~ctiag layer often called "blue 

Yellow J d o  appear bright in yellor or red Ugnta brtt are not detactable 

in blue light, White douda appear bright visuallye hut are generally 

&axuprent to red light. Occaoiomally, dood. appear bright in blue light 

d y o  d are called '%lob Both whi- and Uue clod8 h v e  been 

detsrmibsd to be crystatline by obaervatioxm in -sed light (Ph78icd 

Propertiem of the Ph-t Mu., Dorylaa Report SM-43634 p 651, YOUW 

cloud. bave been considered by msay investigator. to be b t ,  However, 

-us ha8 m h w n  that while tcrrcotirl dwt do& polarise light positivelyp 
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the yellow cbu& -rise negatively, Thi8 would tend to indicate that 

the yellow clood. are not dust, bat they could be c l o d  of nitrogen 

dioxide d i c h  ir a tedioh brown gasi, which pdymerfter to nitrogen 

tetraaddep a colorlear gas and a white .Ofid, 

Pertinent data are available daring the laat 80 years 

which cover 5 cydee of Mare being near perihelion at oppo.itiom,, From 
thcrae data rsvaral .ignificmnt corrsbtiorm were eotabliohd 

I, Yeiiow doda ware shown to occtu at h p.x%oda od maximum 

warmth durimg ths Mutirn year, that io, following tbe Mutiaa so&dceo 

and at periheliop, Thio would be an expected characteristic if nitrogen 

perdda were preeent. 

2, White clorrdo tend to occur doripg cold peri+ and tend to peak 

at aphdiop. This -odd be an expected chuaderimac if frown aitrogen 

tdraoddrr were preaept. 

3, Both type8 ofclorrd. appear tobe i u e n c e d  by the am- of 

Crp -t8- 88 Chtsnmiasd th4 V8?bt&olL h -ir Si-, Th. 

gro8b.t  rmmnber of yellow dood. '=cur when *re t. a minimum amount 

a d t i c 8  of -8 at 8-t 60° heliocentric lomgitde, White d o d o  &bit 

a proaounced peak follasring both equinoxeo, when the polar caps begin to 

melt aad/or oubtena, 

Of d d d  tr.ppad in the pohr Cap86 Tbi8 OC-8 f d b w h g  thc wdmr 

4- Perhpo *e moot .isnificaat correlation found waa thaa bemeen 

yelluw clod.  and Mae clearingo Yellow 

el- which trrdicrtea tbat one io inhibiting the other, If yellow cloods 
are nibregen d i d &  pa then Qving period. of y e l l w  crorrb and h a m ,  

the Mutiur atmorphere w d  be f i l l e d  with a blue-ab.orbin(l layer, 

Dpriag period. ob yellow c l o d  mfnianam -8 ahould be little nitrogen 

d i d  in the atmosphere, and consequently if the scattering layera were 
d r o  absent, Mlps clearing would reoult, 

do aot occur darfag biua 

A o u m m a r y  of thio literature o e u c h  wi l l  be publiohed 

in an appropriate periodid, and the complete dab 

a Osorgebwn Obesrvrtorq Moaograph 

be pubUmhed aa 
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Area 4- Other Wark: 

A6 prSrtouoly reported in semi-annual r a p e  No, 4 

we h v c  8ubmitted oar re8dt8 which tend to negate the pre8encc of water 

vapor 011 Mars to ths A8trophpoicd JourlsrI, These result. b v a  been 

d a a d  by a refereee our rnodificationrr have been madee and our 

paper ha6 h e n  resubmitted for publication, 

The paper a. reported in memi-annual report No- 4 

Thi8 for which Dr, Carl K i e 8 s  acted as a referee ha8 beea pubfishad, 

paper is by Mr, Brian T, OQLeary, entitled "A Revised Upper Limit of 

NO in the Martian Atmorphere, '* and appuaru in PASP volume 77, 

number 456, page 168, 

Observatory and credit i8  given to NsG-362, A i  mentimed prsviop.ly 

we do nat agree with Mr, O'Leary'e copclp.ionsa howevere we have no 

control over how h8 interpratr our dota a8 hc I8 no longer in our emp1oy- 

meat, 

Pemonnel in Grant 

2 
Much of hio data was obtained at Georgetown 

Dra Dr, Franci8 Y, Heyden, S, 3, Remarch Director 

Ih- Csrf C, K i ~ 6 8 ~  Assistant Roject Director 

D a  Whiting R, W W n e t l  Aad8taat Profearor 

Dr, Abrnad Kiaartpoor, Reaearch Asrociate 

Dr, Harvey We Banlea, Rese8rchA88ociak, 

Graduate &dent A88i8@&8 

Fr, June8 E, O@Br&en, S, Yo 

Undergraduate Aaaiitants 

Mr, P a 8 q d 8 A ,  Lubcrico 

Ma, EUia Holdenrid 

Mr, Robert  To Staron 

Summer Xnternm 

Mr, Byron S, Cooper 
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